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(57)Abstract: t m x 

PROBLEM TO BE SOLVED: To provide a high-permittsvity insulating film 

and a semiconductor device using it, the insulating film being able to be 
used as a gate insulating film of an MOSFET having improved leakage 
and break down voltage characteristics, improved surface smoothness 
and a relatively high permittivity, and enabling mi crof abdication and fft) 
miniaturization. 

SOLUTION: The semiconductor device has a semiconductor substrate 4 
and the high-permittivity insulating film 8, formed directly or via an other 
layer on the surface of the semiconductor substrate 4. TIib main 
component of the high-permittivity insulating film 8 is a bismuth laminar 
compound, and the c axis of the bismuth laminar compound is oriented 
to be perpendicular to the surface of the semiconductor substrate, and 
the bismuth laminar compound is expressed by the composition formula: 
(Bi202)2KAm-1Bm03+1)2- or Bi2Am-1 Bm03m+3, where m is a positive 
number, a symbol A denotes at least one element selected from among (@> 
Na, K, Pb, Ba, Sr t Ca and Bi, and symbol B denotes at least one element 
selected from among Fe, Co, Cr, Ga, Tt, Nb, Ta, Sb, V, Mo and W. 
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eoiwut. afm (jK?mAMMa. •w^w 

^'JttW. S P I 3 8 O O ) X-fflfebtc, 
[0 06 6 ] S B T TWMOSkWfc , 0. 1 mm 

<*>© p t ±mm.mm i o ?mc£*) w, 
[0067] ®h*fa^wmmBmym-v>-?h 

©WSStttt tanff, Jg^Qfi, y-^tt 

*LCRy-* CYHP1HSS4 2 74A) S 
ft (2 5"C) , ffigjmtlOOkHz (AC2 0m 

», ±iaip'fEgm* jus u 4 iai-^#^ij^ u , 

[0068 ] 'J - *«SHS1t A/ c m* ) 

B, )Si9?Sg5 0 k V/cm-CfMLte. 

<^&«%) at. 2 otto JMwe-9urmeft 
•e© ^ ^. ^ a - h ufc ^©td^^ffl L-fc. mw,m 

*«r«ISb, S«gR*2 5'C4l,fct#. -55-+ 

1 5 0*C©@®S5fflrtrt35?SISiC*<fTeePm^£D¥^ 
tfS& <At) ^fj^t^ (p ped/'C) £3?ffi 

rmmmmt ncaRuo, * n 1 o ] sreKL 

xt'^+^+Jl/SSSS-SfeS rTiO, m&Mffi 
{(110) CaRuO, //(I 10) SrTiO 
s ) JfeffiUfc^ftt. SHfeM 1 4MHI«: L-T. CaR 
u 0 , TS®«M©^@tc{S®#3 200nm©SB 

tt?¥M (ffinsas«ttji) c^sbtt 

AM9a¥ia«IS«Xtt^r (XRD) fflfcbtctZZ, 
[118] *fi(CE|fi)Lrfe 0 , SrTiO, m§k 



f 



f 



(8) 



13 



Lit. *mc. m&mmwz., sBnmmvm 

[0070] JfclEffl2 

TMMIi(t«C aRuOs [ i II] 

((lll)CaRuOi //(111) SrTiO 
« ) iHttfcWH*, I? »J 1 i BtftC t/T, C a R 
uO, T$K®!K®£&«c0g]9ft2 0 0 nm©S B *10 



ftB82 0 0 3- 1 5 1 97 6 
14 

tl 04 J *ttKB3WL/-C*>D. SfTi O, 3MS£ 

Ufc. *UT, USSWl tiH^fC. S BTT^MOHB 
ffiS (Ra)i. «KffiSI«$«»ltCDe((|^9->7JV 
©SSWtttfeJ; ^^©jgg^fti £f¥ffl6 btc, 

tanas*. 

[007 1} 

tan 









Ra (wo) 










tan 5 




mm 


tioo] 


[TO] 


as 




5 


250 


(+200 


<0.0J 


>:oo 


mm 


[UO] 


£118] 


3 


5X1D" 7 


40 


3S0 


:fclQO0 


>Q>QJ 


O00 


mm 


[III] 


E1043 ; 


IS 


5X10 tg 


80 


350 


±1000 


XX01 


<300 



[00721 *1 CCmf «fc 5 fc . H«J I *l?c SSS SfRffi L-7t„ SJHSril 2 tt jnt . trio, SEE k 

X-s-^»Wfc^#)<Dc*iS3^IJ8«. gf®msSS> *.© V/cm) tt, y-^ftSjJgfcte^T. t£E£_h#S 

<to -B««Rfbis«fif t-s , aaws«<??y- e 20 [ 0 0 7 5 ) 

mmbbXW&L^ttM%WV%-tc, CaRuO s 1^1§«i©a®Ge|li/S&5 0 n m© 

[0073] *fc. KStWlTtt. H»Wl~2-CfS6 SBTTiigll GMe$gg|ftR) fc^dct/fcJfcPH*. X 

t^ctt©i^iai9^BSa*tt(C*tiSCit«BT ttWliBtttCl/C. S BTT«JI©i!ffim£ (Ra ) 

tt«t>#5T*C tWWCJft. f ftfefei *WJl [0076 ] gafcH4 

ecj;fj, HXvXJS^t^fj©cWSei^E©«iltt^m CaRuO, TftfSfflV&DS^KjRffft 1 0 0 n ro 

SSW#fc. © S B T T«£ (ffiRSttHttR) t tcPMht, 

[0 07 4)y»S2 Wm\i.wm.K.LX, SBTT»j®<DiSMIaS (R 

caRuo, rmmm&Mvmbmmmssnm® 30 a) a, imwmmmwm&ti£&®m<m& 

Mfflltm&fcLX, SBTT»M©S®ffi* (Ra) [0077] 

mmmwHowim (in*, t an*, s rag} 

*Q*. y-^m WEE) feiDWK^CMBafttti* 





rat 

(nra) 


Rata) 




mm 

(kV/«n) 






tan 5 






36 


0.5 


4XHT 7 


>I000 


250 


<±200 


«X04 


>2S 




50 




1X10' 7 


>1000 


250 


<±200 


<0.02 


>50 




100 


0*5 


3XI0' 8 


>mo 


260 


t±200 




>300 



[0 07 8 ] 3£2&C7fr3\fc3$t, cWieipjjgtcrji^^ 

[0 07 9] JCdtl (Y- Sakashita, 
H. Segawa, K, Tominaga and 
M Okada, J. App 1. Pliys. 73, 78 
5 7 (I998> ) rtt, cUBrtl/fcPZT (Zr/ 
T i - 1 ) PlJiO|g^«L, MV^OHft^StiT^ 
CCtB, PZTSIBt<?)ia»^5 0 0niD, 20 0 



kHz)**3 0 0, 2 5 0, 1 0 0 tjfe&^illt**^ 
Snrt^o *l^2 (Y. Takeshi ma, K, T 
a n a k a and Y. Sakabe, Jpn. J, 
App!. Phys. 39. 5389 (2000))^ 
B. aftffi&btcBST (Ba : S r = 0. 6:0. 

CCtt, BSTMtonwiSOnm. 100am, 

8 5 0, 6 0 0i«d>r-53lS*«i3R3nT^. 
(H. J. Cho and H, J. Kim, App 



f 



( 



(9) #0§2OO3-15J 97 6 

15 16 
I. Phys. Lett. 7 2, 786 (1998)) * /WX U-fmS^SC t/T, Sr, B i 

rtt. a»ttU/cBST (Ba : S r^O. 35 ; 4 . T i i - . Ta t Q 12 (3BTT)^ 

o.65) ^M^MJf^, mmmt<omm*m^hx^ # i c©«**t* fc :Bi z a* , b. o 

kHz) #330, 220, 1 8 0<bttOT Ta, it/rR3ti*. CCr. x = 0. 4, 0. 

StlW*, 8, 0. 8, 1. 0, L 2£«fb3*t) «BK £ 

[0 0 8 0] *fc, **fJW2tc*sttS|iH3 5nm5Cfe «B5 0 nnXOSBTTWK (Ka^tftftjR) &7f2$ 

B£Ettl 00 0kV/cm6Lt»6n«Ct€ WaKWt, Xttffll tWBct,*, SBTTWB©* 

y"htt»Ktl/rffiirc**4^i5, 3 6*c. ft tanJ, «#cQM) 4£fWU?c 0 

S4lr>*£. [0 08 2] 

[QOai] WfcWS * [«3] 







TO 




tan 5 






0.4 


500 


250 


<aoa 


>60 




t>«e 


960 


170 


<Q*025 


>40 




as 


200 


200 


<o.ob 


>20 


&MHM5 


1.0 


50 


250 


<ao2 


>&0 




L2 


<-55 


220 


<0,01 


>J0G 



[0 08 3]«3fCmr,J:^iC. SBTTOc 
£&K, ^iH (2 5'C) -CC«K®$*si^-r-5. a&x 

5, M«*M5«ai-XKBaflEttBl. 0<x< 

[0084] ggtewe 

TCOLa^iJDStlfcLa, B i * . ■ Ti 3 O 
, » (LBT> (CflDftfe#tt, «5$: B i * 



3, iB#A* =Bi,-, , La, fcitfffi-^B 
3 =Ti 3 bbX$k$txZ>„ CCT, x = 0, 0. 

4, 0. 6, 0. 8. 1. 0. 1. 2, 1. 4tmt3 
mo £fflt,\ JKIf^5 0nm©LBTWK {&i§$tm 

(iSfg*, ten*, ®£Qffi) AfcfHILfc. 3*£ 

[008 5] 
[£4 3 





<x=) 


TO 


»«* 


tana 






0 


700 


140 


<O.02 


>50 








150 


<:q.02 


>50 




0.6 


4DD 


160 


<0>Q2 


>50 


mum 


0.B 


300 


ISO 


<0.025 


>40 


mm 


1.0 


150 


20D 


<0.05 


>20 


nmm 


1.2 


0 


240 


<0.03 


>100 




L4 


<-56 


210 


<0.0O5 


>200 



[0 0 86]g4KS«7{C, LBT©cfte«fC 
f«x < bfcflte, * » •> -jg#S(§T1' Sit 
WC, (2 5'C) f©8W»*!±J¥1-&. MgSxAS 

t-fc^o-c. «x*Jfti. 2 felt r 



x< i . 4 #stt/a»* c twmrmit* 

[008 73^»J7 



f 



( 



17 

[008 8] 





(id 




WW 




0 




10 


|3W*«7 


0.4 




5 


**«7 


0,6 


4X10** 


5 


3£##7 


&.e 


4X10' S 


5 




L0 


SXKT 8 


S 


**«7 


1.2 


5X10" 8 


5 


*»«7. 




5X10"** 


5 



[0089] *5(C7ft-r«fc^5C ( LBT©c«i3|S«K 
fc&fcfttBABRO. 4<x<l. 4*«bru«C4 

[009 1 j mmamt* &,ro^K.Lxmst> 

( 2 5 -C) fcxm^'&l kHz^lMHzS XMt 

tew u fc. rn'msmowmtm l c r ^ - * m 

[0 09 2] fSE#tti«, felT©*? KOrSIU. 

» ( i o o k h z > -rxmrnrnw (.wmm) £ o , 

1 V {imm.h k V/c m) i>b 5 V 5 

5 VS €-C t>. gM$0flfaP£fblsttl<!><: 4# 
[0 09 3 ] ggfegQ 1 

TWnHiR£«c6CaRuOa 4 [iOO]Mfc 
if^^t ^gSfe^S^fc SrTiO, #l£ll3Hg 
((lOO)CaRuO, // (100) SrTiO 
5 JSSOO'CKMitfc, ^K, CaRuO, T 



00) #RJ20 0 3~1 5 197 6 

18 

o.i B i * . s T i * O, » (JWTv NBT4 

±>f s > asm (tvmmz. mm .- b s a a 

& - i B. O, » ♦ j (cfe^T. SB-fm = 4. f3# 
As =Ni,. j , Bi 2 . « to£VI8ftB» 
= T i « iUra$^-6) ^Ifitcilit, M®!92 
0 0 n fflCNBTSI («fiK$«KM) «Wlt/fc. 
[ 0 0 9 4 ] t ©N B TOjftWttfi#»g«X*g*r (X 
RD) ISWciC^ [00 1 ] #ffiCi3|3jt/TUS 
io C 4 . t *te* S r T i O, «tNMHBftVtCtft/-C 

NBTSIKCSHIffl* (Ra) t, gttfll 4SI«fcO 

[0 09 5] £fc> C<DNBT»ji^6$&ffim«PHg 

tSHfc-wc. JtJMi &MMc(/T. mm 
*. tan »qi, y-*wt 

[ooaei atewi i 

20 TW*ffifJRi&*C a RuO, 4 [ l l o ] HWc 
ib'^i'W^gtfcS r T i Oa 
( (HO) CaRuO, //(1I0) SrTiO 

3 ) mwc&w*. mmi ittm^vx, ca 

[118] tfffifcBlSlL/Ttef) . SrTiO, ife^H 

30 as (Ra) 4, ^mmmmomim^yyjwm 
[ o o 9 7 ] tmm 1 2 

TflfflSSflU ft* CaRuOj * 1 1 1 1 ] #ftlt 
x.Vti*!/+)Vim8&tc$ r T i O, #fe te B S^ 
((IIDCjRuO, //(111) SrTiO 
s ) XttHNl 4|SF«Kl,T, CaR 

u O , TUH&mmvmmfcm® m 200nmcr)NB 

mm mmrnm^mm nsmbit. c©nbtw» 

40 iiSrXMff CXRD)HiLAi&C«, 1 1 

0 4 3 TifiiCBfilSjU Tfc *) . S r T i 0 3 ^ B 0 aSS 

it. ItftHl 1 4IWSC, NBTSJJi<0»ffl 

S (Ra) 4, fam^tmmOzf&Ri-fyy'fW'igM 

[0098] 
[«6] 



( 



i 



CH) ^2003- 1 5 3 979 





19 


20 






KaCnm) 


WW 


(%> 




<sWt> 


tan 5 




mnmii\ Ciooj 




OjB 


IX Iff* 


s 


160 




<0,OJ 




%mmu\ [no] 


[118] 




1X10"* 




170 




>0<O1 




mm2\ cm] 


E104] 






90 


200 


+200 




<100 



[0 0 9 93 m&mtJ: *> «, £S£0S 1 1 -Cfienfc 
tr* ?;Wttft6fKE> oNBMMtt, Rtttttg&fc® 

fc, 

( 0 1 0 0 ] HJfeM 1 1 TTtt, 3 0 

PPm/'Ci^SK^SlJfWC, glials 1 5 0 iJt® 
W*S<. ttRMJ 1 - 1 3T#6ftfc«©ElS*a© 

6*c, «»J 1 1 rtt, ttljtfJ 11-12 iitt^L-rll 
[0 1 o 1 ] gSSfeiW 1 2 

CaRuOi TSUmtiPM^^MKJiM^ 3 5 a m © 
«1 liHSKCLr, NBTWattOSiffifiS (Ra) * 



V/cm) B, 'J - ^UttafSfcte^-C, KHEt Jb^S 

[0 102] mmm 1 3 

c a r u o , ti ^mmmomm^rnms 5 0 n m © 

■em X liBflBcb-C. NBT8BS<D«lIfl$ (Ra) 

Bt8*<oaSEfttti*Witfc. *S*fr*7«yRT. 
[0 103] SHjU 

CaRuOj T»«It©9lW{c j$J¥& 1 O 0 n m 
£1*1 1 tBHMCU-C, NBTSftamt* (Ra) 

[0 3 04 3 

mi) 





(wn) 


Ra (fin)) 




(kV/cm) 


9W* 


mm 








35 




GXKf 7 


>ioofl 


ISO 




<D,0i 


>2S 




50 


0,6 


1X10" 7 


>iooo 












100 


0.6 


4xur* 


>1£K>0 


150 


+39 


<0.01 


>i00 



[ 0 l 0 5 ) £7 tcwf *t 5(c, eWBMBCXtm % 
^8<0fc»A, y-m£»*^Si<&S&©©, * 

[0 1 0 6 ) *fc. fttkffl 1 2 fctetf £®P3 5 nmlt 
*t^t. MSEttl 0 0 0kV/cmjy±f#6^Eli 

2-1 4?B, Sft«$#+ 3 0 p pm/Xi 

^snc^si^tc, stm^s 1 5 o 4it«fltix* < , s 
fc. s^tc^fc. $m¥m&it&h% c±frib> ¥-y 

C 0 I 0 7 ) g^lfegl 1 5 

•C©LaWttl3nfcKa« . s La, Bi 

» . * - , Ti 4 O, s (NLBT) )^*# (C© 

A, - 1 B q O 

4, K^A 3 =Na 
Bit.*-, , La, te£im%B t 



~Ti< tLXmZtiZ, CCV, x = 0, 0. 2, 
0. 4£^fb£ti:fc> %M1.>> BSS^SOninffiNLB 

[0 3 0 8 ] 



10 





litest 


(A/cm 2 ) 


(%) 




a 


, ixto: T .„ 


10 






5XI0" S 


5 




0.4 


5X10^ 


S 



[0 10 9] ^SK^tcfc^iC, LBT©c|ffi«iC 
[0130] ^»J2 1 

50 «*i";3>(ioo)m eoo' c«c*iab 



(12) 

21 

©gCDSMK, A-^U-t^gt^fcf, Bi 
, Ti 3 0, a <«T. B iT± 
( Bi, A. ■ B» 0 
» „ ♦ , icfe^r. JB#ra=3. fi*At =Bu 
fcJcOfS^B, =T is i bxmh&) %WMfc 

mmsonmvBiTwm msmmm 
ion nccBi mmmmm, mm\ * 

Bf««ct/t:X*aB»f URD) a»ei/fc4C5, [00 
l ] #&tci2Efc UX^Ztb. r fcte&W&IIV Va> 10 

[0112] t<DB i TBIKcD^SiC, 0 . 1 m 

[oii3] ®bhtti&mGm&fa®<mm&fe mm 

MUOOkHz (AC2 0mV> ©=3=#-C\ lOOf 

X 1 0' ' A/cm 2 X$>->1c, 
[0 ] 14] gg;5i$ffij2 2 

■C©La*S»D3^A:La, Bi, Ti, O 

. , (lbt) fern icom&mt* mm-, b i 

s A. 1 B, 0 3 » ♦ » KtetriT. IB#m = 
3. sE^As -Bi.-, , La x teJ:yf|3^B 
3 =Ti 3 kLX&%h&, CCV, x = 0, 0. 

2. 0. 4, 0. e igEftstffc) mmmbo 

nm©LBHl (itSS§1S$*feStj$) tJKRl/fc£itt 30 

[0 115] 
[*9] 





Of) 


TWW(RT) 
©lOCKkHz 


JlWfiBfiLtlV 




0 


100 


l*l(T 






105 






0,4 


no 






0.6 


S20 





40 



#P32 0 0 3~1 5 197 6 
22 

[0 1 1 6] miCrntJ:^ LBT®H (gS0B$ 
IHHft) tcMLZ. tf±a©gflM£jWft*r*a£. 

6, rate*, *^^©is^s^»m«, y- htm 

[0117] 

F E T©y- MSRjRi bxm h < fflUSC ijJM?* 
[Sffi©fW&«n 

[ill] 11 (A) teJ^Hl <B>»*SlfK#S 

[H2] 132 (A) fcJ;OT2 (B) «#8$3<C0i3 
*9rS4WftK£«r &MO S F ETOBapWBBTC* 

£. 

[04 ) H4 6*§?»i8 ©if 8M»«$K®H6ffl? 
> 7>©MM#ft £«r VvlX'h $. 

ins] 05^^8©^^ies«©si;mfflf- 

[^©S^PJf] 

2- MTO?>7'jt< 

4— S^K 

7, 7a- ^^7g 

8, sa- mmmm 

10- JiSragn 

15, 15 a- h^S 

1 7- • K W>« 

19- 7d-7 L ^>^y"h 

20- MOSFET 

2 0 a- 



CO) #$|2 0 03 - 1 5 1 97 6 




f' 



2003-15 1 978 



400 




mBB) ¥$14^3^2 8B (2 0 0 2, 3. 2 
8) 

mmsmm) o 1 1 4 

iejs 

[0 114] ggfeffij2 2 



,2 (LBT) |^:Bi 

3, S^A 2 —Bis- K , La, teJcD^B 

2, 0, 4 V 0, 6iSHtS#fc) *fflr>i PJf^50 
nm^LBT^ig (ItWKMIHR} WbfcKJf 



(51) Int. ci 

H 0 1 L 27/04 
27/115 
29/43 
29/78 
29/788 
29/"92 



F I 

HO 3 L 29/78 
29/62 
27/04 



3 0 1 G 5 F 1 0 1 
G 5F140 
C 



( 



(15) WW2003-I5I976 

F #-A(#^> 4K029 M06 EASO 8CO0 BC05 61X31 

4M104 MOl B8C6 CCD5 DD37 EE03 

££14 GG09 GG10 GGX4 CG16 
5F038 AC05 AC15 EZ20 

&kOl BA09 BC03 BF12 

8F17 BF46 8J04 
5F083 EP02 6P23 EP56 EP57 CA06 

KA08 JA02 JA05 JA12 JA17 

JABS 3A45 PR25 
5F10X BAOX SA26 8A36 BB05 BH02 

BH15 

5F140 AA19 AA24 AC36 BAOl BA12 
M20 BOOX BD04 8D05 6D07 
BD09 BD11 BD13 BE09 BElO 
BFOl 8F04 CBOS 



